The study examines the existence of a long run effect of fuel subsidy reform on environmental quality in Nigeria for the period of 1970-2012 using the Johansen and the Engle-Granger two step co-integration procedure techniques. The study developed a three case scenarios including: (i) A case of subsidy payment, (ii) a case of effective subsidy and, (iii) a case of no subsidy payment. Findings from the study supported evidence of a long run sustainable equilibrium model. Also, our estimation results showed that the first and the last case scenario do not significantly influence environmental quality. This implies that subsidy payment in Nigeria does not enhance access and consumption of liquid fuel. On the other hand, the interaction of sound regulatory framework with subsidy payment (the case of effective subsidy) significantly exerts a responsive influence on environmental quality.
INTRODUCTION
Energy is an integral component of any economy's growth and development. It serves as a key input for production, cooking, heating, refrigerating vaccines in hospitals and propelling engines in cars and industries. Industries and households require energy to enhance overall economic growth and development. Nigeria is blessed with abundance of energy resources ranging from crude oil to natural gas. Since the discovery of oil in 1953, oil had been a major source of revenue for the government (Isihak and Akpan, 2012) . Oil accounted for more than 90% of exports in Nigeria, contributed about 40% to gross domestic product (GDP), forms 95% of foreign exchange earnings and 70% of government revenues (Ezirim et al., 2010) . The important role and contribution of energy to the economy thus makes energy access an important objective to be achieved by governments. Government attempts to do this primarily by regulating energy prices so as to absorb the shock of rises in international oil prices for households. In Nigeria and most oil-producing countries, the energy sector is regulated by government through controls over pricing, supply and investment (Nwachukwu and Chike, 2011) . The abundance of energy resources in oil-producing countries makes government introduce energy subsidies as a means for redistribution of wealth.
Petroleum subsidies were introduced in Nigeria in the 1960s to ensure overall increase in social welfare aimed at assisting the poor to utilize resource advantages of the country (Isihak and Akpan, 2012) . It was essentially in the form of implicit subsidies where the demand and supply is subjected to a subsidy and price fixing effect (Adagunodo, 2013) . Since its establishment in 2003, the Petroleum Products Pricing Regulatory Agency calculates the amount of subsidies to be paid to importers. This subsidy represents the difference that government pays between domestic fuel pump price and the international fuel price, after calculating for landing cost, distribution cost, and others. The objectives of this fuel subsidy as a policy ranges from economic objectives such as the strengthening of industrial growth and expanding domestic consumption; to welfare objectives such as expansion of energy access for poor households and then to political considerations in terms of distribution of oil rents in resource endowed countries. However, despite these objectives, energy subsidies have some negative effects on the economy. In addition to being wasteful and inefficient, they also frustrate efforts at tackling climate change. In Akinyemi, et al.: Fuel Subsidy Reform and Environmental Quality in Nigeria Nigeria for instance, fuel subsidies distort the market, encourage smuggling activities, hinder investment plans in the energy sector and enhance corrupt practices.
These negative consequences coupled with the fact that they often do not achieve the objectives they are set for, has led to global efforts to eliminate or reform these subsidies. The realization that these subsidy payments are not sustainable in the long run, inhibit adequate investment in the energy sector and hinders efforts at tackling climate change made different countries to begin conscious efforts at reforming fuel subsidies. The unsustainable argument of fuel subsidy originates from the decline in oil revenue for many oil-producing countries due to falling international price and the increase in the price for refined fuel. According to Isihak and Akpan (2012) , subsidies in 2006 was US$2.03 billion (1.4% of GDP) with GDP of US$112.25 billion, increased to US$2.3 billion (1.3% of GDP) with a GDP of US$145.43 billion in 2007 and rose significantly to US$5.37 billion in 2010 with a GDP of US$169.48 billion which attributed to rising oil price, depreciating exchange rate and increasing demand. This and a number of other issues have led to conscious efforts worldwide to reassess the subsidy issue. This is evident in reform efforts of many regions such as the Arab, Middle East and North Africa, Asia, the Organisation for Economic Co-operation and Development (OECD), International Energy Agency (IEA), International Monetary Fund (IMF) and the World Bank (IEA, 2011; Lin and Jiang, 2011; Fattouh and El-katiri, 2012; Anand et al., 2013) .
Efforts at addressing this issue of subsidies have been on its adequate reform. Consequently, different countries have taken steps at reforming the structure and nature of energy subsidies, especially oil-exporting countries. Nigeria is one of these countries. Others include Saudi Arabia, Indonesia, China, and so on. Nigeria's President, Goodluck Jonathan, announced on January 01, 2012 the removal of fuel subsidies owing to some of the negative effects of fuel subsidies as highlighted above. This translated to an increase in fuel pump prices from ₦65 to ₦140. That decision was, however, met with stiff opposition and resistance, especially from the civil society, non-governmental organizations and organized labor unions. The 2 weeks nationwide protest that followed the announcement resulted in the Federal Government reversing the policy to a partial removal. This brought the fuel price down to ₦95 from ₦140. In addition to this, the government instituted the Subsidy Reinvestment and Empowerment Program (SURE-P) to provide programmes and facilities that will serve as social safety net for poor households who were most vulnerable to the policy change. The SURE-P programme was designed to utilize the funds saved from subsidy payment in infrastructural development projects. This includes improved road networks, railway system, mass transit, skill acquisition, employment generation, transfer payments, and so on.
Given the debate generated by the call for the reform of fuel subsidies, there had been attempts at examining how these energy subsidies impact the economy. The aim had been essentially on educating the citizens on the urgent need to reform the nature of these subsidies. These impacts are often assessed based on the economic, social (welfare) and environmental implications. The economic cost considers the fiscal burden of large and increasing subsidy payment on the economy. There is evidence suggesting that about US$750 billions of public funds are being spent every year to support the consumption and production of fossil fuels (IEA, OPEC, OECD, World Bank Joint Report, 2010) . These large payments divert economic resources from priority sectors such as health, education and infrastructure. The social dimension analyses how the reform of fuel subsidy impacts the welfare and income level of poor households, especially as subsidies are targeted at protecting them from international oil price shocks. The reform of fuel subsidies thus always elicit concerns on how poor households would be affected. There is the political economy of fuel subsidies that considers the politics that surrounds the introduction of subsidies and the opposition that follows the removal. The understanding of this dimension of fuel subsidy is essential but is not the focus of this study.
The third impact of fuel subsidy is the environmental consequences. This examines how subsidies targeted at fossil fuel impacts environmental quality. Fossil fuel is classified by OECD as an environmentally harmful subsidy which deteriorates the environment thereby reducing the environmental quality. Increasing greenhouse gas (GHG) emissions coupled with the need to curb climate change impact, has led to the renewed and increasing efforts at examining some existing policies that may seek to encourage the production or consumption of fuel subsidy in any form (Koplow and Dernbach, 2001) . This is because these policies can hamper efforts at tackling environmental problems such as global warming and climate change. Subsidizing energy prices makes fuel cheaper, more of it is consumed and this deteriorates the environment through increased emission of GHG. As pointed out by Koplow and Dernbach (2001) , subsidy on fossil fuel is estimated to contribute more than 90% of gross GHG emissions. In the same way, Jones (2011) asserted that a conservative estimate of about US$550 billion of fuel subsidy in major developing countries in 2008 was found to raise global GHG emission by 5-10%. Also, fuel subsidy contributes to damaging the environment through its effect on marginal investment in new capacity (Holton, 2012) . This is because they are considered obstacles to green investment and development of efficient low-carbon economy. This is supported by Porter (2002) , Pearce (2002) and Morgan (2007) which suggests that subsidies targeted at traditional energy sources hinders investment in new cleaner technology. This tends to lock in existing technology and repress the commercialization and development of renewable energy such as wind and solar energy.
This concern about how fuel subsidy may hamper efforts at tackling climate change, made researchers to seek to assess the level of emissions capable of being reduced from the reform of fuel subsidies. This is in terms of viewing the policy a tool for the mitigation of climate change. There is a consensus that emissions will be curtailed if fuel subsidy is adequately reformed. However, many of these studies are for developed countries and other emerging economies. This study will attempt to answer the find out if this relationship exists empirically for Nigeria. In other words, it will examine the existence of long run relationship between fuel subsidy and environmental quality in Nigeria and possibly the direction of causality. It will seek to answer the question; does fossil fuel subsidy promotes deterioration of the environment?
The outline of the paper will be as follows: section two examines issues in the literature; section three presents some stylized facts; section four discusses the methodology and results while section five is the conclusion and recommendation.
BRIEF OVERVIEW OF LITERATURE
In empirical literature, subsidies could be producer or consumer subsidies. Subsidies aimed at consumers are generally intended to keep fossil-fuel prices low, in order to stimulate certain sectors of the economy or alleviate poverty, by expanding the population's access to energy (Sanders and Schneider, 2000; Morgan, 2007) . These subsidies usually take the form of price controls and can involve large price gaps. While subsidies aimed at producers generally keep costs of production lower or increase revenues, their effect is to keep marginal producers in the business (Sanders and Schneider, 2000) . These subsidies can also be motivated by the desire to reduce import dependency (European Environment Agency, 2005) . Production subsidies are more common in developed countries while consumer subsidies are prevalent in developing and oil-producing countries.
A considerable number of studies have analyzed the issues of petroleum pricing and how it significantly impacts the economy especially the economic and welfare consequences (Birol et al. (1995) ; Iwayemi and Adenikinju (1996) Siddig et al., (2014) and so on). These studies argued that fuel subsidy distorts market price, results in waste and inefficient level of consumption. It also exerts significant fiscal burden on the economy as large payments that could otherwise be used to develop priority sectors such as education and health care are diverted to service fuel subsidy annually. According to Adagunodo (2013) , energy subsidies send false price signal that encourages overuse of resources, hinders he development of substitutes which are more environmentally friendly, discourage private investment in refineries and divert scarce financial resources from other social purposes. Thus, the adequate reform of this form of subsidies will enhance the growth and development of an economy in the long run. The reform might impose economic hardship in the short run but will promote development in the long-term. However studies such as Amegashie (2006) argued that fuel subsidies do not necessarily have to result to wastefulness and inefficiency. The study used economic theory to explain how it can infact lead to enhanced productivity.
In addition to analyzing economic and welfare impact, the environmental consequences are also often assessed. This seeks to identify how fuel subsidy influences environmental quality and promotes its deterioration. Studies centered on the global economy and other countries such as Larsen (1994) ; Larsen and Shan (1992) ; OECD (1998); Koplow and Dernbach (2001) The relationship between energy subsidies and the environment has strong policy implications for government in terms of ensuring environmental sustainability globally. Fossil fuel subsidy represents a unique problem that unites economists and environmentalists (Holton, 2012) . In the last few years, policy direction has shifted towards the reform or elimination of subsidies, particularly fossil fuel subsidies. Pieters (2002) opined that the removal or reform of subsidies to improve the environment had been high on the international political agenda since the early nineties while the OECD (2008) report stated that support for the removal of fuel subsidies might lead to significant improvements in environmental quality. The United Nations also included the achievement of environmental sustainability as the seventh goal of the millennium development goals. According to UNEP (2008) , the environmental effects of energy subsidies are complex. They can be positive or negative depending on the precise nature of the subsidy and energy source. Subsidies that result in a lower price to end users normally increase the consumption of the respective fuel and thus, inevitably have harmful impacts on the environment. Furthermore, it stated that subsidies, often lead to increased level of consumption and waste, exacerbating the harmful effects of energy use on the environment. As such eliminating EHS must play a central role in national efforts to achieve a long-term transition to a truly sustainable energy system that is secured and clean for the environment.
In two separate studies, Pearce (2002) and Koplow (2009) both concluded that there could be large, long-run environmental costs associated with the subsidies because subsidies for traditional energy sources hamper investment in new cleaner technology and lock in existing technologies. According to Holton (2012) , it is important to consider that although removing subsidies would decrease emissions from reduced activity based on fossil-fuel use, increased activity elsewhere could mean the net effect on emissions reductions could be somewhat lower than the direct effect. In line with the potential emissions reductions that could be attained from fossil-fuel subsidy removal, Larsen and Shah (1992) studied world fossil fuel subsidies and global carbon emission. In their study, they used the dynamic general -equilibrium model and 13 non-OECD regions. These are Former Soviet Union, China, Poland, India, South Africa, Czechoslovakia, Mexico, Brazil, Argentina, Venezuela, Indonesia, Saudi Arabia, and Egypt. Their study estimated that world carbon emissions could be reduced by between 5% and 9%. In fact, they concluded that the removal of these subsidies would substantially reduce national carbon emissions in some countries and likewise global carbon emissions by 9%. This is assuming no change in world prices and by 5% accounting for changes in world prices. Welfare gains from subsidy removals worldwide would be more than US$33 billion, assuming no change in world prices, or 15% of total subsidies, even ignoring the benefits from curtailment of GHGs emissions and abatement of local pollution.
Anderson and McKibbin (1997) using the G-Cubed, a dynamic general-equilibrium model of the global economy, asserted that the gradual removal of production subsidies for coal in the OECD and the removal of distortions to coal markets in developing and transition economies can potentially reduce global emissions of carbon dioxide by up to 8%. This is relative to emissions that otherwise would have been experienced early next century (Anderson and McKibbin, 1997) . This environmental gain is achieved with gains in economic efficiency rather than economic costs which represent a win-win outcome for the environment and the economy. The G-Cubed model can take into account possibilities for substitution in production and consumption between products both within and across countries when domestic prices are changed in some or all regions. It assumes the gradual reduction of coal subsidies by 2005 and includes a tax on the environmental damage from coal mining. It considered what would happen if just Western Europe and Japan removed their coal subsidies, if non-OECD countries removed their subsidies and if both OECD and non-OECD countries removed their coal subsidies. It considered terms of trade and international capital movement in its results.
Whitley (2013) investigated the climate impact of fossil fuel subsidies. It posits that these subsidies undermine international efforts at eliminating dangerous change experienced in climatic conditions. This is in addition to the policy failing in benefiting the poor, thus its phase out or reform can create a win-win scenario. This is in terms of eliminating the perverse incentives that drive up carbon emissions, provide a price that will encourage investment in low-carbon energy and reduce pressure on public finances (Whitley, 2013) . While Pearse and Finck-Von-Finckenstein (1999) discussed the policy packages for advancing adequate reform of fuel subsidies, Pieters (2008) designed a checklist based on the conditionality of subsidies to support the opinion that removing subsidies could substantially benefit the environment.
In relation to Nigeria, a substantial amount of literature exists on fuel subsidies and its impact on the economy using different methods of analysis. Many of these studies were mainly on the economic and welfare implications of fuel subsidy or its reform in Nigeria. They do not explicitly highlight how fuel subsidy influences environmental quality. For instance, Adenikinju (2000), Iwayemi and Adenikinju (1996) , Nwafor et al., (2006) , Siddig et al. (2014) , among others, using a computable general equilibrium approach, examined petroleum pricing in Nigeria. Other existing study on petroleum products pricing in Nigeria include Adagunodo (2013) who examined petroleum products pricing reform and welfare in Nigeria. Moyo and Songwe (2012) examined the removal of fuel subsidies in Nigeria as an economic necessity and a political dilemma. They concluded that if implemented correctly, the subsidy funds could lead to major development gains for the country. It will also create the space for Nigeria to finally develop refinery capacity and consequently increase its potential revenue from the oil sector and create jobs. Other studies for Nigeria A few such as Balouga (2012) and Akinwale et al. (2013) assessed the political economy of the removal. However, evidence on the influence of fuel subsidies on the environment is very minimal in Nigeria with the exception of Abraham (2013) that analyses how fuel subsidy policy could be used as a policy for tackling climate change.
SOME STYLIZED FACTS
The issue of petroleum product pricing in Nigeria has been a controversial issue as the government tries to increase the prices periodically depending on the government's perception of what the price should be. Over the years, the various regimes in Nigeria at one point in time have tried increasing the pump price of petrol. These attempts had at times, led to extensive public protests and policy reversal in the form of cancellation or reduction of the planned price increases. The trends in petroleum products pricing in Nigeria has a long history and below is an attempt attracting the way governments over the years have removed what it claimed to be subsidies on petroleum products as presented by Adagunodo (2013) . The Military Head of State at the time, General Yakubu Gowon increased the fuel price from 6 kobo to 8.45 kobo and in 1976; it was raised to 9 kobo by the late General Muritala's Administration. It then became 15.37 kobo on 1 st of October, 1978 and this change was made by General Olusegun Obasanjo. There was another hike on April 20, 1982 when the price became 20 kobo. On March 31, 1986, General Ibrahim Babangida increased pump price of fuel to 39.5 kobo and in April 1988, it was increased to 42 kobo/L. On January 1, 1989, another increase was announced whereby private cars were to pay 60 kobo/L while commercial cars continued paying 42 kobo.
According to Adagunodo (2013) , the failure of price discrimination policy led to the announcement of a uniform price of 60 kobo/L on December 19 th , 1989. In March 1991, the retail price of fuel was further increased to ₦0.70/L. In November 1993, the pump price became ₦3.25/L and in November 1994 it was raised again to ₦11.00/L. In December 1998, it was increased to ₦30 and again reduced to ₦25. th May, 2007. However, following oppositions, it was reduced to ₦65/L in June 2007. This was sustained till January 1, 2012, when the president announced a new price regime of ₦141/L. After protests in various parts of the country by organized labor and civil societies that led to a shutdown of the economy making the nation loose close to ₦300 billion in the 5 days strike; Government agreed to lower the price to ₦97/L. These fuel price increases and percentage change is presented in Table 1 .
Estimating subsidies on energy products (fuel, diesel and kerosene) in Nigeria using the price-gap approach, Isihak and Akpan (2012) observed that subsidies to gasoline (fuel) had the highest amount which runs into billions of US dollars. This is presented in Figure 1 . The subsidies on gasoline had been rising steadily for many years, reaching a peak of about US$3 billion in 2010.
METHODOLOGY
This section presents the model specification, technique of estimation and sources of data for the study. The theoretical framework for the paper is rooted in the environmental Kuznets curve (EKC) hypothesis which posits that countries will experience environmental degradation at early stages of industrialization when income is rising steadily. However, in later stages of growth, this deterioration of the environment due to increased industrial activity will begin to decrease given that countries now have the necessary income level and capacity to clean up the environment. The model will, therefore within this framework, incorporate subsidies on fuel products into the model to test for the hypothesis that these subsidies significantly impact the environment. In testing this effect hypothesis in Nigeria, the study specified a modified version of the theoretical model of Holton (2012) .
The modified model is given as follows:
In an econometric form, the model becomes: 
Where;
EDG: Emissions from liquid fuel consumption million metric tonnes proxied for measure of environmental damage.
Also, it can be observed in Table 2 that Nigeria has the lowest price for fuel in all the selected countries. This further buttresses the point of fuel subsidy opponents that providing subsidies on fuel encourages smuggling activities across the border (countries). These cheaper fuel products are smuggled into surrounding countries where fuel price is higher. Interestingly as pointed out by Isihak and Akpan (2012) , Nigeria unlike many of the other countries, despite subsidies, have tax element in their retail price.
Also Figure 2 presents a graphical illustration of subsidy payments and trend of carbon dioxide emission in Nigeria from 1970 to 2010. The graph shows a seemingly co-movement between payments on fuel subsidy during this period and liquid fuel emissions. Income is incorporated in the model given that income plays a role in determining environmental outcomes given the EKC hypothesis (Holton, 2012) . The coefficient of income β 1 is expected to be negative as the EKC predicts that income tend to increase environmental damage at lower income levels but starts to decrease at higher income levels. The square of the log of income is due to the fact that growth can increase water and air pollution at initial stages of industrialization but reduces with time given the right institutions. The assumption here is that countries will be able to clean up their environments as they get richer. In the model, the coefficient of interest is the β 3 which is the partial effect of fuel subsidies on environmental quality. The other variables serve as control variables in the model. The coefficient of the squared income is expected negative given the EKC hypothesis such that the pollution curve eventually turns down given the turning point argument (Holton, 2012) . The inclusion of institution is because the market does not address externalities by itself, thus the system of government can influence the nature of relationship between subsidies and its impact on the environment hence the inclusion as a control variable (Frankel and Rose, 2005; Holton, 2012) . Land area represented by population density is included as a control variable to support the argument that higher population density leads to environmental degradation (Frankel and Rose, 2005) .
Data Sources and Measurement
The data for the study was sourced from the World Development Indicator (WDI) 2013 of the World Bank for the period 1971-2011. The data for the subsidy was a price gap between domestic pump price and international pump price. The data for openness, population density, GDP per capita and liquid fuel emissions were sourced from WDIs while institutional qualities were sourced from World Governance Indicators 2013.
Technique of Estimation
In an attempt to examine the existence of a long run relationship between fuel subsidies and environmental damage in Nigeria, the study adopts the Johansen co-integration for the technique of estimation. This is done to assess the equilibrium long run relationship in the model and also estimate the error correction mechanism. This will help to obtain the speed of error adjustment in the long run convergence. Finally, the paper test for causality between fuel subsidies and environmental damage to investigate if there is a direction of causality between the two variables. The unit root test was first carried out on all the variables of interest in the model to ascertain if they are stationary or otherwise. This is because most economic variables used for policy analysis and forecasting are characterized by persistence and possibly non-stationary behavior (Akinyemi et al., 2014) . The augmented Dickey-Fuller (ADF) unit root test is used to test for the presence of unit root in the series. Then, the long-run equilibrium relationship is assesses using the Johansen co-integration test. This methodology as modified by Johansen and Juselius (1990) gives asymptotic critical values which are used by the maximum eigenvalue and trace test statistics based on a pure unit root assumption (Akinyemi et al., 2014) . The ECM is then carried out. It represents a model of time series that estimates the speed of adjustment of the dependent variable back to equilibrium state after a change in any of the independent variables. Lastly, the granger causality test is done to test for the possibility of a pairwise causality of the variables in the model. The results of the estimation are discussed in the next session
DISCUSSION OF RESULTS
This aspect focuses on the empirical investigation of the effect of fuel subsidy reforms on environmental quality in Nigeria. The section begins with examining the statistical properties of the time series data and then proceeds into examining the Johansen, and the Engle-Granger two step estimation techniques in an attempt to establish an econometric relationship.
H 0 : There is unit root and time series is non-stationary
H 1 : There is no unit root and time series is stationary
As indicated in Table 3 , all the variables were not stationary at level except the indicator of population density. This implies the existence of unit root at I (0) leading to failure to reject the null hypothesis. This is not unexpected as most economic variables exhibit a very high persistence and non-stationary behaviour. In order to obtain a stationary behavior, the series were subjected to differencing, obtaining stationarity for all the variables at first order of integration, i.e. I (1). Hence, the study rejects the null hypothesis and accepts the alternative of pure unit root processes. This process of differencing the series to obtain stationary series becomes imperative in order to avoid spurious regression and biased estimates that could mislead policy analysis and forecasting. The stationarity procedure adopts a unit root testing based on ADF and Philip-Perron, while the ADF is based on an autoregressive redistributive lags, the Philip-Perron test uses non-parametric statistical methods to take care of the serial correlation in the error terms without adding lagged difference terms.
As contained in Table 4 , there exists a unique co-integrating vector at 5% level of significant for the trace statistics; it implies that we obtained a linear combine stationary for the model at unique vector. In accordance to the trace statistics, the Engle-granger technique reveals the existence of long run equilibrium relationship. The relationship holds sway even with our control for effective subsidy and no subsidy scenarios. Table 5 reveals the result of the long run normalized coefficients. The result indicates the magnitude and pattern of long run equilibrium behaviour of our model. From the readily available results, at the initial stages of development; per capita GDP exerts a significant and positive influence on liquid fuel consumption in Nigeria. This implies that rising household income ultimately culminate into increasing consumption of emission emitting equipment, this is mostly common in the lower rungs of developmental efforts where increasing income is associated with increasing emissions.
Likewise, the study validates the literature strands espoused by Kuznets (1955) and popularized by Grossman and Krueger (1991) as it confirmed the existence of the EKC in Nigeria. This stand is reinforced by the negative and significant coefficient of the per capita income squared. The significant negative relationship between per capita GDP income squared and liquid fuel emissions indicates that, though, emissions is a rising function of income at the early development stages, on reaching a certain threshold, emissions begins to fall with rising income. Our results also reveal a positive relationship between liquid fuel emissions and population density, implying that as a community becomes densely populated, the hope for cleaner environment dwindles. The indicator of economic openness seems to contribute to emissions inversely which imply therefore that, the more economically open a country is, the less susceptible to emissions and likely to enjoy the technological results of the advanced world commitment to reducing emissions 1 .
Consequently, subsidy payment does not contribute significantly to liquid fuel emissions in Nigeria. It implies that fuel subsidy -An official price payment to enhance consumption or an official remove of tax of fuel, has not significantly influence the consumption of liquid fuel in Nigeria. This would not be unconnected with the wide elastic capture of economic resources and the elimination of the middle class due to the dismal Nigeria's economic performance. The gradual elimination of the middle class group has led to a sharp distinct between the poor and the rich; while the poor largely depend on traditional biomass/solid fuel for consumption, liquid fuel are mostly consumed by the rich and business outfit 2 whose demand are fairly inelastic. Another likely evidence for the nonsignificant relation between subsidy and liquid fuel consumption could be premised on ineffective subsidy, as have been largely espoused by available literature. The consumption subsidies in developing Africa economies are highly sabotaged due to weak law enforcing institutions. This has also transcended into fuel subsidy arrangement in Nigeria, as these subsidized contents are secretly diverted into neighbouring countries where they are disposed at the ruling international market price. This diversion creates artificial scarceness in home countries, mostly in rural areas (those whom the subsidy arrangement is meant to benefit) causing pump prices to go as high as twice the official price.
Since Table 5 clearly shows presence of a non-significant inverse relationship between subsidy and emissions from liquid fuel consumption, we attempted to build a scenario for effective subsidy by developing an interaction of a state of sound institutions with subsidy payments through a simple multiplicative procedure. As shown in Table 6 , our estimated result remained quite similar to that of Table 5 in terms of magnitude and sign of our parameters except that subsidy payments now significantly contributes (positively) to emissions from liquid fuel consumption. This implies that in a well constructed institutional arrangement, where contracts are legally enforced and rules are binding; subsidy influences the consumption of liquid fuel because the benefits gets to the lowest rung of the population. This arises from the fact that sound institutional arrangement and law enforcement deters the diversion of public goods for private enrichment and as well ensures the apparatus of the state such as 1 A position that has been highly emphasized by the Kyoto protocol and which a number of high technology producing economies have endorsed their commitment. 2 Any fuel increase occasioned by sudden subsidy removal or rise in international oil price are passed to final consumers as price burden in form of indirect taxes on goods and services. This further eliminates the middle class while business outfits suffer minimal impacts. pipelines are well integrated and safe; in order to ensure transit of liquid fuel to rural areas.
In attempt to build a robust model and further validate the claims shown in Table 6 , we also consider the effect of zero subsidy payment by examining the effect of international pump price on liquid fuel consumption. As similarly obtained in the subsidy payment scenario; we likewise found that international pump price does not significantly influence liquid fuel consumption while other relationships and sign subsist under the zero subsidy scenarios. This implies that without sound institutional framework, subsidy payments do not translate into any significant economic benefits for masses (Table 7) .
The study estimated the equilibrium vector error correction in an attempt to adjust the disequilibrium in the co-integrating relationship. This is based on the logic that a long run relationship exists and that there are disturbances in the short-run which needs adjustment back to long run equilibrium (Akinyemi et al., 2014) .
The coefficient of the error correction mechanism as seen in Table 8 conforms with the theoretical stand, as it is correctly signed (negative), statistically significant and its absolute magnitude being between 1 and 0. It shows that the model has a self-adjusting mechanism for correcting short-run dynamics in the series to their long run path. With the ECM(−1) satisfying the rule of thumb, it can be concluded that there exist a long run converging relationship between liquid fuel emissions and its determinants. The ECM(−1) reveals that about 21.1% of short run disturbances are adjusted back to equilibrium path in the long run. The speed of error correction tends to be quite low, signifying that short-term errors tend to long lived in the model. The statistical significance at about 10% significance level and magnitude of 21.1% indicates that that a deviation in the model from equilibrium is corrected by 21.1% in the successive period.
CONCLUSION AND RECOMMENDATIONS
This study investigates the effect of fuel subsidy as a fiscal policy on environmental quality in Nigeria using a time series data for the period 1970-2012. The study adopts the Johansen and Joselius cointegration technique and the Engle-Granger two step procedure, and found an evidence supporting a unique co-integration relationship and a sustainable long run equilibrium relationship, though immediate shocks tend to be long lived in the model. The study also adopted a three scenario case; first, we considered a case of subsidy payment and discovered that subsidy payment does not significantly influence environment. Secondly, the study considered an effective subsidy payment by developing an interaction of subsidy payment and sound institutional regulatory arrangement; the interacted variable (effective subsidy) exerts Source: Computed by authors using eviews 7.0 a significant influence on environmental damage which stands contrary with the case of subsidy payment. This implies that liquid fuel consumption does not response significantly to variations in subsidy payments unless in a strong and effective institutional framework which ensure that subsided contents are not diverted and its benefits actually trickled down to those intended. Lastly, we evaluated a scenario of zero subsidy by examining the effect of international pump price on environmental damage and found an evidence consistent with our first scenario signifying a nonsignificant responsive impact of subsidy on liquid fuel emissions in Nigeria.
In the same manner, our evidences confirmed the EKC theory. In the early stages of development, GDP per capita income was a rising function of income while the negative significant parameter of GDP per capita income squared implies an attainment of a threshold where emissions begins to dwindle with increasing income. Likewise, population density enhances the level of environmental degradation while increasing economic openness enables developing economies such as Nigeria to benefits from technological outcomes of the advanced countries commitment in reducing emissions.
Finally, the major thrust of the study centered on the need to develop a sound and effective institutional arrangement, without which subsided consumption expenditure could exert any impact on the welfare of the economy. Thus, it is recommended that government should seek towards the strengthening of institutions and in the absence of this, take away fuel subsidy.
